Under the Basel II Accord, banks and other Authorized Deposit-taking Institutions (ADIs) are required to communicate their daily market risk estimates to the relevant national monetary authority at the beginning of each trading day, using one of a variety of Value-at-Risk (VaR) models to measure risk. The purpose of this paper is to provide a simple explanation and a set of prescriptions for managing VaR under the Basel II Accord. The commandments deal with understanding the Basel II colours, understanding the risk model before choosing, varying the choice of risk model, avoiding the green zone and being willing to violate, incurring large violations, stopping before the red zone, avoiding frequent violations, avoiding the estimation of large portfolios, aggregating portfolios into a single index, and interpreting commandments sensibly as guidelines.
Introduction
Value-at-Risk (VaR) may be defined as "a worst case scenario on a typical day", and hence is concerned with unlikely (or possibly extreme) events. Under the Basel II Accord for market risk involving stocks and bonds (see Basel Committee on Banking Supervision (1988) , (1995), (1996) for further details), banks and other Authorized Deposit-taking Institutions (ADIs) are required to communicate their daily market risk estimates to the relevant national monetary authority at the beginning of each trading day, using one of a variety of VaR models to measure risk (see Jorion (2000) ).
A violation is said to occur when the negative returns exceed the VaR forecast at time t, such that actual losses on a portfolio are worse than had been predicted. In the context of the Basel II Accord, the optimization problem facing ADIs, with the number of violations and accurate forecasts of VaR as decision variables (see, for example, McAleer (2009) and McAleer, Jiménez-Martin and Peréz-Amaral (2009) for alternative strategies to endogenize the number of violations), is as follows:
where the minimization problem is defined in terms of DCC = daily capital charges, which is the higher of ( ) Table 1 ).
Investors can choose the financial assets in constructing a portfolio, but they cannot control the daily return of the portfolio. However, they can control daily capital charges by a judicious choice of t σˆ, which will affect VaR and the value of k arising from the violation penalty.
According to Table 1 , the value of k can be determined exogenously or endogenously according to the penalty zones. The penalties arising from being colour coded are important because higher (lower) absolute estimates of VaR will tend to increase (decrease) daily capital charges, with a resulting lower (higher) value of k. ADIs that stray into the red zone can be given the ultimate penalty, namely a temporary or permanent suspension from trading activities.
The Ten Commandments
This section presents ten commandments that are intended to assist in managing VaR for market risk when the number of violations, and hence the value of k, can be exogenous or endogenous. Note: The number of violations is given for 250 business days.
Note: The penalty structure under the Basel II Accord is specified for the number of penalties and not their magnitude, either individually or cumulatively.
(C1) Understand the Basel II Colours
Green means go (away), red means stop (now), and yellow is left to the discretion of the investor. The penalties arising from individual and accumulated violations should be understood in order to make informed decisions regarding whether or not to violate on any given day. The penalty structure is given, but the investor can choose which penalty is optimal on any given day.
(C2) Understand the Risk Model before Choosing
There are many risk models, depending on the data frequency used. Conditional volatility is most often used to estimate market risk, especially for daily data, but this choice probably arises from historical expediency rather than model superiority. Riskmetrics (1996) cannot do, will make investment decisions more meaningful.
(C3) Vary the Choice of Risk Model
Be willing to change the risk model that is used to forecast VaR on a daily basis. No risk model dominates all others at all times, and hence no single risk model will minimize daily capital charges on a daily basis. A judicious choice among alternative risk models can and will lead to lower daily capital charges, bearing in mind the penalties imposed for an excessive number of violations.
(C4) Avoid the Green Zone and Be Willing to Violate
Green may be necessary for a healthy planet, but it is far from optimal for managing VaR. The green zone is both a reward (in terms of k) for few violations, but there will be few violations when VaR forecasts are too conservative (meaning too high in absolute terms). Stay away from the green zone because the daily capital charges will be too high (for further details, see da Veiga (2008a, 2008b) ).
(C5) Incur Large Violations
The Basel II Accord does not penalize excessively large violations, as the penalty structure is intended only for too many violations. If an investor is going to violate, then the violation should be serious (meaning huge). There is no purpose in increasing k if the associated VaR is not being decreased more than proportionately, given the Basel II penalty structure.
(C6) Stop Before the Red Zone
Avoid the red zone as this can lead to serious penalties, including temporary or permanent suspension. Entering the red zone arises through having accumulated penalties for an excessive number of violations. Although this may mean that VaR is relatively low, the size of violations can also be small, in which case the daily capital charges may not be small.
(C7) Avoid Frequent Violations
The Basel II Accord penalty structure is intended to punish an excessively frequent number of violations. Therefore, a combination of one or more risk models that do not accumulate an excessively large number of violations should be considered. In seeking to minimize daily capital charges, it is preferable to combine a few violations of large magnitude than a large number of violations of small magnitude.
(C8) Avoid Estimating Large Portfolios
Large portfolios may be unavoidable in terms of balancing specialization and hedging strategies, but they have too many covariances and/or correlations for purposes of estimation. For example, a 10 asset portfolio has 10 variances and 45 covariances, whereas a 100 asset portfolio has 100 variances and 4950 covariances (see Caporin and 8 McAleer (2009a) for possible remedies). In this sense, it may be useful to impose parametric restrictions and to calibrate the model (as in Riskmetrics (1996) (2008a, 2008b) ).
(C10) Interpret Commandments Sensibly as Guidelines
The concept of VaR is intended to capture possibly bad outcomes on a typical day, and not when market panic sets in. Investors should be especially careful to interpret these recommendations judiciously when financial markets are in free fall. Sometimes cash is the optimal financial asset, especially when markets are diving and volatility is excessively high. Caporin and McAleer (2009b) ).
Conclusion

